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D scription 

[0001] The present invention relates generally to the 
field of electrophysiology and more particularly to an im- 
proved slip resistant, field focusing, ablation catheter 
electrode. 

[0002] Symptoms of abnormal heart rhythm are gen- 
erally referred to as cardiac arrhythmias, with an abnor- 
mally slow rhythm being classified as a bradycardia and 
an abnormally rapid rhythm being referred to as a tach- 
ycardia. The present invention is concerned with the 
treatment of tachycardias which are frequently caused 
by be presence of an "arrhythmogenic site" or "acces- 
sory atrioventricular pathway" close to the inner surface 
of one of the chambers of the heart. The heart includes 
a number of normal pathways which are responsible for 
the propagation of signals necessary for normal electri- 
cal and mechanical function. The presence of arrhyth- 
mogenic sites or accessory pathways can bypass or 
short circuit the normal pathways, potentially resulting 
in very rapid heart contractions, referred to as tachycar- 
dias. Tachycardias may be defined as ventricular tach- 
ycardias (VTs) and supraventricular tachycardias 
(SvTs). VTs originate in the left or right ventricle and are 
typically caused by arrhythmogenic sites associated 
with a prior myocardial infarction. SVTs originate in the 
atria and are typically caused by an accessory pathway. 
[0003] Treatment of both ventricular and supraven- 
tricular tachycardias may be accomplished by a variety 
of approaches, including drugs, surgery, implantable 
pacemakers/defibrillators, and catheter ablation of the 
pathway. While drugs may be the treatment of choice 
for many patients, they only mask the symptoms and do 
not cure the underlying cause. Implantable devices only 
correct the arrhythmia after it occurs. Surgical and cath- 
eter-based treatments, in contrast, will actually cure the 
problem, usually by ablating the abnormal arrhyth- 
mogenic tissue or accessory pathway responsible for 
the tachycardia. The catheter-based treatments rely on 
the application of various destructive energy sources to 
the target tissue, including direct current electrical en- 
ergy, radio frequency electrical energy, laser energy, 
and the like. 

[0004] Of particular interest to the present invention 
are radiofrequency (RF) ablation protocols which have 
proven to be highly effective in tachycardia treatment 
while exposing the patient to minimum side effects and 
risks. Radiofrequency catheter ablation is generally per- 
formed after an initial mapping procedure where the lo- 
cations of the arrhythmogenic sites and accessory path- 
ways are determined. After mapping, a catheter having 
a suitable electrode is introduced to the appropriate 
heart chamber and manipulated so that the electrode 
lies proximate the target tissue. Radiofrequency energy 
is then applied through the electrode to the cardiac tis- 
sue in order to ablate a region of the tissue which forms 
part of the arrhythmogenic site or the accessory path- 
way. By successfully destroying that tissue, the abnor- 



mal signalling patterns responsible for the tachycardia 
cannot be sustained. A method and system for perform- 
ing RF ablation by controlling temperature at the abla- 
tion site is described in US Patent No. 5,573,533, filed 
5 April 1 0, 1 992, entitled "Method and System for Radiof- 
requency Ablation of Cardiac Tissue". 
[0005] A standard RF ablation catheter is also dis- 
closed in WO 92/02272. 

[0006] Catheters utilized in RF ablation are inserted 

10 into a major vein or artery, usually in the neck or groin 
area, and guided into the chambers of the heart by ap- 
propriate manipulation through the vein or artery. The 
tip of the catheter must be manipulatable by the user 
from the proximal end of the catheter, so that the distal 

15 electrode can be positioned against the tissue region to 
be ablated. The catheter must have a great deal of flex- 
ibility in order to follow the pathway of the major blood 
vessels into the heart, and the catheter must permit user 
manipulation of the tip even when the catheter is in a 

20 curved and twisted configuration. Because of the high 
degree of precision required for proper positioning of the 
tip electrode, the catheter must be manipulatable with a 
high degree of sensitivity and controllability. In addition, 
the distal portion of the catheter must be sufficiently re- 

25 silient in order to be positioned against the wall or the 
ventricle and maintained in a position during ablation 
without being displaced by the movement of the beating 
heart. Along with the steerability, flexibility and resilien- 
cy, the catheter must have a sufficient degree of torsion- 

30 al stiffness to permit user manipulation from the proxi- 
mal end. 

[0007] Steerable catheters are known for use in a va- 
riety of medical procedures. See, for example, U.S. Pat. 
Nos. 4,998,916 to Hammerslag, 4,944,727 to McCoy, 

35 4,838,859 to Strassmann, 4,826,087 to Chinery, 
4,753,223 to Bremer, 4,685,457 to Donenfeld, 
3,605,725 to Bentov, 3,470,876 to Barchilon and 
4,960,134 to Webster, Jr. Typically, such catheters em- 
ploy a plurality of steering wires, usually three, or four, 

40 extending from a steering mechanism at the proximal 
end of the catheter to an anchor point at the distal-end 
of the catheter. By tensioning certain of the steering 
wires using the control mechanism, the tip of the cath- 
eter can be manipulated in a desired direction. In addi- 

45 tion to being steerable in the lateral direction, further po- 
sitioning of known catheters is accomplished by rotating 
the catheter as a whole about its longitudinal axis, typ- 
ically by turning or twisting the proximal end of the cath- 
eter. This exerts a torque along the length of the catheter 

50 which is translated into a rotational motion at the distal 
end, allowing a laterally deflected distal tip to be rotated. 
[0008] An improvement of such steerable RF ablation 
catheters is disclosed in commonly assigned, U.S. Pat- 
ent No. 5,31 8,525 to West et al. and generally depicted 

55 jn FIG. 1 . A shaped handle 24 is coupled to pull wires 
within the catheter body 1 0 for deflecting the distal sec- 
tion 16 of the catheter body 10 into a curve to facilitate 
rough positioning of the RF ablation tip electrode 20 at 
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a site in the ventricle 1 40 of a patient's heart. As depicted 
in FIG. 1 , the distal tip electrode 20 has been advanced 
through a percutaneous introduction into a vein and 
transvenously advanced into the right ventricle 1 40. The 
distal section 16 in the right ventricle 140 is formed into 
the curve by manipulation or shaping of the handle 24, 
and rough positioning is achieved by rotating the entire 
handle 24 and catheter body 1 0 to aim the tip electrode 
at the site to be ablated. Fine positioning at the site is 
obtained while rotating torque ring 30 as described in 
the '525 patent. The advancement and rotation of the 
catheter body 1 0 is accomplished with the assistance of 
fluoroscopy. Fine positioning in relation to a specificcon- 
duction pathway site is monitored by monitoring electri- 
cal signals from the site conducted up the electrical con- 
ductors with in the lead body 1 0 and determining by map- 
ping that the conduction pathway exhibits an electro- 
gram earlier in time than adjacent heart tissue. When 
the tip electrode 20 is located at the desired site, RF 
energy is applied from a source through the connector 
32 and through the conductors within catheter body 10 
to the tip electrode 20. 

[0009] In this procedure, it is important that the tip 
electrode remain positioned at the exact site and not slip 
during the delivery of the RF ablation energy. If the tip 
electrode slips in use, then the RF energy damages con- 
duction pathways that are needed for intrinsic sinus 
heart rhythm to be maintained or otherwise inappropri- 
ately interrupts desired conduction pathways or damag- 
es other heart tissue. 

[001 0] The typical hemispheric tip electrode is intend- 
ed to bearagainstthe endocardium while it is being used 
in the ablation procedure to create a lesion at some 
depth in the myocardium depending on the applied RF 
energy level. The typical tip electrode is replaced by a 
needle shaped, tip electrode in U.S. Patent No. 
5,281 ,21 8 to Imran. It is stated that the needle shaped 
tip electrode can be extended into relatively thick re- 
gions of the myocardium in order to create a lesion that, 
it is postulated, is deeperthan can be effected using the 
conventional electrode position bearing against the en- 
docardium. While slippage may be eliminated, it is sec- 
ondary to attaining the depth penetration into the myo- 
cardium. The depth penetration has to be carefully mon- 
itored as the needle tip could pass through a thin sep- 
tum. The needle shaped penetrating electrode increas- 
es current density and localized heating of adjacent 
blood and tissue and can lead to welding of the tip elec- 
trode within the penetrated tissue, making removal dif- 
ficult. With high current density, the temperature rapidly 
rises, leading to boiling and coagulation of the blood and 
charring of tissue unless it is rapidly terminated. As a 
result, only small lesions are practically possible, and 
this form of electrode has not gained favour. 
[001 1 ] The concerns of blood coagulation and tissue 
charring also apply to the typical RF ablation catheter 
tips. In order to limit blood coagulation and charring of 
the tissue, temperature or impedance monitoring sys- 



tems have been devised to monitor temperature at the 
tip electrode or the tissue/electrode interface imped- 
ance and to shut down the RF energy source when local 
temperature of the tip electrode exceeds a temperature 

5 threshold or when the tissue/electrode impedance in- 
creases above an impedance threshold. The imped- 
ance rapidly increases as with the formation of a layer 
of coagulated blood ("coagulum") over the exposed 
electrode surface. Temperature hot spots also develop 

10 in the tissue under the electrode at the point of connec- 
tion to the insulating catheter body. These hot spots at 
the tip electrode can cause uneven heating of the tissue 
by the ablation energy. While the impedance or temper- 
ature monitoring system can react by shutting down the 

*5 RF energy, the procedure may then be ineffective to pro- 
vide a lesion of sufficient size or depth. 
[001 2] Accordingly it is an object of the present inven- 
tion to overcomethe problems of slippage of the tip elec- 
trode of an RF ablation catheter. 

20 [0013] It is a further object of the present invention to 
provide an enhanced RF field focusing pattern in a tip 
electrode of an RF ablation catheter and to reduce lo- 
calized temperature increases leading to blood coagu- 
lation or tissue charring. 

25 [0014] These and other objects of the invention are 
realized in an RF ablation catheter as defined in inde- 
pendent claims 1 , 3, and 8. 

[001 5] The present invention is expected to advanta- 
geously reduce the incidence of slippage of the RF distal 
30 tip electrode and to concentrate the RF energy in deliv- 
ery pathways extending distally and axially of the distal 
tip electrode deep into the myocardium. The redirection 
of energy is advantageously in an electrodeAissue in- 
terface region that is typically relatively low in thetypical 
35 hemispheric ablation catheter tip electrode. 

[0016] Moreover, the ridges provided by the exterior 
contour are expected to provide enhanced heat ex- 
change with blood flowing past the electrode as the 
heart beats and more effective cooling of the tip elec- 
40 trode, thereby reducing formation of coagulum. 

[0017] Other objects, advantages and features of the 
present invention will be readily appreciated as the 
same becomes better understood by reference to the 
following detailed description of preferred embodi- 
es ments, given by way of example only, when considered 
in connection with the accompanying drawings, in which 
like reference numerals designate like parts throughout 
the figures thereof and wherein: 

so FIG. 1 is a schematic illustration of the positioning 
of a steerable catheter into the heart of the patient; 
FIG. 2 is a front elevation view of a steerable cath- 
eter of a preferred embodiment of the invention hav- 
ing a slip resistant, field focusing, distal tip elec- 
ts trode; 

FIG. 3 is a cross-section view of the catheter body 

taken along lines 3 - 3 of FIG. 2; 

FIG. 4 is a cross-section view of the catheter body 
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taken along lines 4 - 4 of FIG. 2; 
FIG. 5 is an enlarged, side cross-section view of the 
catheter body and distal tip electrode shaped in ac- 
cordance with a first preferred embodiment of the 
invention; 

FIG. 6 is a detail of FIG. 5 illustrating the cutaway 
facet angles-of the tip electrode; 
FIG. 7 is an end view of the tip electrode of the first 
embodiment of FIGS. 2, 5 and 6; 
FIG. 8 is an enlarged, side cross-section view of the 
catheter body and distal tip electrode shaped in ac- 
cordance with a second preferred embodiment of 
the invention; 

FIG. 9 is an enlarged, side cross-section view of the 
catheter body and distal tip electrode shaped in ac- 
cordance with a third preferred embodiment of the 
invention; and 

FIG. 10 is a side cross-section view of a catheter 
body distal tip section having a distal tip electrode 
shaped in accordance with a fourth preferred em- 
bodiment of the invention. 

[0018] The present invention is embodied in a steer- 
able catheter of the type described in the above-refer- 
enced '525 patent. However, it will be understood that 
the slip resistant, field focusing, ablation electrode may 
be implemented in any ablation catheter of any type in 
substitution for the smooth rounded or conical tip elec- 
trodes commonly used. 

[0019] Referring to FIG. 2, a steerable catheter 8 con- 
structed in accordance with the principles of the present 
invention comprises a shaft 10 having a distal end 12 
and proximal end 14. A tip section 16 is fused at butt 
joint 1 8 to distal end 12 of shaft 1 0. A tip electrode 20 is 
mounted at the distal end of tip section 16, with band 
electrodes 22 disposed on tip section 16 proximal of tip 
electrode 20. A thermocouple -(not shown) is located in 
the distal end of the tip section 1 6 and in thermal contact 
with the tip electrode 20. Proximal end 1 4 of shaft 1 0 is 
mounted to handle 24 through strain relief 26. Handle 
24 includes a shapable body 28 in a middle portion 
thereof. A torque ring 30 is disposed about handle 24 
distally of shapable body 28, as shown in FIG. 2, or prox- 
imal thereof. At the proximal end of handle 24 is electri- 
cal connector 32 for connecting tip electrode 20, band 
electrodes 22 and the thermocouple to RF power, map- 
ping, and/or temperature measuring equipment. Tip 
section 1 6, as illustrated in FIG. 3, is flexible and laterally 
deflectable into various configurations using shapable 
handle 24. 

[0020] Referring now to FIGS. 2, 3 and 5, shaft 10 
comprises an outer jacket 34, which may be nylon, ure- 
thane or other plastic. As shown in FIGS. 3 and 5, outer 
jacket 34 surrounds stiff ener 36, which usually compris- 
es a stainless steel braid or coil. The stiffener 36 is dis- 
posed about a base layer 38, which preferably compris- 
es a tube of polyimide or other relatively stiff, high du- 
rometer material. The stiffness and torqueabilitv char- 



acteristics of the shaft can be varied by varying the type 
of material used for outer jacket 34, stiffener 36 and 
base layer 38, as well as by using different geometries 
for the stiffener 36. For example, the stiffener 36 could 

5 be a braid or a coil, where the number of filaments, 
shape of filaments, coiling or weaving pattern, number 
of turns, and the like, can be varied individually or in 
combination to provide a desired stiffness. Preferably, 
the polyimide tube of base layer 38 has a thickness in 

10 the range from 0.05mm to 0.125mm (0.002 in to 0.005 
in). Outer jacket 34, stiffener 36 and base layer 38 define 
a central lumen 40 extending the length of shaft 1 0. Dis- 
posed in central lumen 40 are a core wire 42, pull wires 
44, electrode wires 46, and thermocouple wires 48. 

15 [0021] Referring now to FIGS. 2, 4 and 5, tip section 
1 6 comprises tubing 50 of a low durometer flexible plas- 
tic, such as Pebax™, silicone rubber, or other resilient 
material. Preferably, tip section 16 has a durometer in 
the range of 30A to 60D. Tubing 50 usually has at least 

20 four lumens extending its length in parallel to its longi- 
tudinal axis, a central lumen 54 and at least three radially 
offset lumens 56 (with four being illustrated). Core wire 
42 extends through central lumen 54, along with elec- 
trode wires 46 and thermocouple wires 48. Pull wires 44 

25 extend from the central lumen of shaft 1 0 to the radially 
offset lumens 56 of tip section 16. A spring tube 58 is 
also disposed in central lumen 54 of tip section 16, the 
spring tube 59 fitting snugly against the walls of inner 
lumen 54 and having a hollow center through which core 

30 wire 42, electrode wires 46 and thermocouple wires 48 
extend. Spring tube 58 usually comprises a polyimide 
tube which provides lateral and torsional stiffness as 
well as kink-resistance to tip section 1 6. The spring tube 
58 could also be a braided or coded structure, or a com- 

35 posite of multiple layers. 

[0022] Referring now particularly to FIG. 5, tip section 
1 6 is fixed to shaft 10 at butt joint 1 8, preferably by heat 
welding. Central lumen 54 of tip segment 1 6 is of smaller 
diameter than central lumen 40 of shaft 10, with spring 

40 tube 58 extending a distance, typically about 1.25cm 
(0.5 in.), into the central lumen 40 of shaft 1 0. Such ex- 
tension serves to limit kinking at or near butt joint 18 
when tip section 16 is deflected. A proximal end 60 of 
the spring tube 59 will extend into central lumen 40, 

45 thereby enhancing the stiffness at the transition be- 
tween the tip section 16 and the remainder of the shaft 
10. 

[0023] Core wire 42, electrode wires 46 and thermo- 
couple wires 48 extend from central lumen 40 of shaft 

so 10 into central lumen 54 of tip section 16 through the 
centre of spring tube 58. At the distal end of tip section 
16, spring tube 59 emerges from central lumen 54 into 
an aperture 64 within tip electrode 20. RF power wire 
66 (one of electrode wires 46) is coupled to tip electrode 

55 20. Thermocouple wires 48 terminate in a thermocouple 
68 disposed within aperture 64. Preferably, aperture 64 
is filled with high temperature adhesive to maintain ther- 
mocouple 68 in position. Electrode band wires 70 exit 
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central lumen 54 within spring tube 58 and couple to 
band electrodes 22. Core wire 42 extends through cen- 
tral lumen 54 into aperture 64 of tip electrode 20. 
[0024] An electrically and thermally insulating anchor 
plate 72 is bonded to distal end 74 of tubing 50, and tip 
electrode 20 is bonded to the distal side of anchor plate 
72. Anchor plate 72 has a central passage coaxially 
aligned with central lumen 54 of tip section 1 6, and four 
radially offset apertures 76 through which pull wires 44 
pass. Referring again to FIG. 5, pull wires 44 terminate 
in anchors 80, which usually comprise steel balls formed 
on or welded to ends of pull wires 44. The anchors 80 
are of larger diameter than apertures 76, providing a 
strong, pivotal connection between pull wires 44 and the 
distal end of tip section 1 6. Anchor plate 72 protects the 
catheter body 10 from thermal damage during ablation, 
allowing for many RF applications without catheter body 
degradation. It also provides a strong component to 
which the pull wires 44 can be attached, without reliance 
on adhesive, and electrically insulates the pull wires 44 
from tip electrode 20, preventing the RF current from 
travelling back up the catheter to the handle assembly. 
The anchor plate 72 may be formed from any polymeric 
or ceramic material having the necessary mechanical 
strength and electrical and thermal insulating proper- 
ties, e.g., polyether ether ketone, available from ICI 
Americas, Inc., Wilmington, Del., under the trade name 
Victrex. FIGS. 6 and 7 show the tip electrode 20 in a 
cross-section partial view and an end view, respectively 
to highlight the slip resistant, field focusing exterior con- 
tour shape in accordance with the first embodiment of 
the invention. Distal tip electrode 20 is formed of a gen- 
erally cylindrical, electrically conductive, electrode body 
having a hemispheric end and a tubular side wall 96 at 
the distal end of the catheter body 1 0. Distal tip electrode 
20 is provided with an axial depression, e.g. a bore 86 
axially drilled or otherwise formed into the hemispheric 
end, and a plurality, e.g., two, circular, V-shaped 
grooves 82 and 84 between the axial bore 86 and side 
wall 96. Annular grooves 82 and 84 and bore 86 divide 
the outer-most surface of electrode 20 into two annular 
areas or ridges 92 and 94. Axial exterior bore 86 and 
groove 82 define an angle 88, which may be about 60-70 
degrees. Axial exterior bore 86 and groove 84 define an 
angle 90 which, may be 30 - 40 degrees. Grooves 28 
and 30 are cut to a depth of about 0.25 ± 0.05mm (0.010 
± 0.002 inches) at an angle 98 which may be about 60 
± 15 degrees. The outer diameter of the tip electrode 
side wall 96 is preferably 2.275 ± 0.05mm (7 French or 
0.091 ± 0.002 inches). The length of outer side wall 96 
is preferably 4 ± 0.125mm (0. 1 60 ± 0.005 inches) to pro- 
vide sufficient surface area to distribute the RF ablation 
energy to the endocardium. 

[0025] The edges defined by the grooves and annular 
areas or rings of electrode 20 depicted in FIGS 5 - 7 
provide areas of small radius of curvature, which are be- 
lieved to provide localized increases in current density. 
Current distribution is directed axially and distally of the 



distal tip electrode focused into the myocardium without 
requiring physical penetration into it by the distal tip 
electrode 20. In addition, the edges of the axial exterior 
bore 86 and the grooves 82, 84 provide edges that 
5 roughen the exterior surface contour of the distal tip 
electrode 20 and cause it to be slip resistant when 
placed as shown in FIG. 1 . 

[0026] Precise adherence to the dimensions given 
above is not believed necessary to practice the inven- 

10 tion. However, it is believed to be desirable that the edg- 
es defined by the grooves and annular areas display a 
small radius of curvature. Arranging the annular grooves 
generally perpendicular to the direction in which force is 
asserted to hold the distal tip electrode in position 

is against the endocardium is also believed to be benefi- 
cial. 

[0027] The ridges formed of the electrode body re- 
maining afterthe grooves 82, 84 are cut also should pro- 
vide enhanced cooling of the electrode by the blood 

20 flowing during beating of the heart. In the ablation pro- 
cedure, - cooling may take place as the electrode tip is 
being repositioned to a new site. It may also be desirable 
to include depressions, e.g. longitudinal slots, dimples 
or an additional annular groove, cut into the side wall 96 

25 proximal to annular groove 82 to enhance cooling. In 
such a case, the width of side wall 96 would be in- 
creased to make up for the lost mass. 
[0028] FIG. 8 is an enlarged side view illustrating a 
second preferred embodiment of the exterior contour 

30 wherein the distal tip electrode 20' is formed of a gen- 
erally cylindrical, electrically conductive, electrode body 
having a hemispheric end and a tubular side wall 96 at- 
tached at the distal end of the catheter body in the man- 
ner shown in FIG. 5. The exterior contour is formed by 

35 one or more spiral grooves 1 00 cut in the hemispheric 
end and extending proximally along the side wall 96, 
with or without an axially disposed bore 86 depicted in 
FIGS. 5-7. 

[0029] In a third preferred embodiment of the exterior 

^o contour depicted in FIG. 9, the exterior contour may 
comprise one or more longitudinal or particularly shaped 
grooves 1 02, - 102 n extending along the side wall 96 of 
the distal tip electrode 20". The elongate grooves of this 
embodiment may be combined with the embodiment of 

45 FIGS. 5-7 with or without the distal bore 86. 

[0030] In a further preferred embodiment, the exterior 
contour of the distal tip electrode 20 M ' may take the 
shape of a depressions or dimples 1 04 1 - 1 04 n as shown 
in FIG. 1 0. The surface irregularities to reduce slippage 

50 and to provide the other benefits of the invention may 
therefore take a wide variety of forms. 
[0031] While there has been shown what are consid- 
ered to be the preferred embodiments of the invention, 
it will be manifest that many changes and modifications 

55 may be made therein without departing from the scope 
of the invention as defined by the claims. 
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Claims 

1 . An RF ablation catheter comprising a flexible elon- 
gate catheter body (10) having at least one lumen 
(40) therethrough and having a proximal handle end 
(24) and a distal tip section (16) adapted to be in- 
troduced into a heart chamber, at least one electri- 
cal conductor extending from said handle (24) to 
said distal tip section (16) within said at least one 
lumen (40) for conduction of RF energy, and a distal 
tip electrode (20) coupled to the distal end section 
of the catheter body (10) and electrically coupled 
with said at least one electrical conductor, wherein 
said distal tip electrode (20) is formed of a generally 
cylindrical, electrically conductive, electrode body 
having a hemispheric end and a tubular side wall at 
the distal end of said catheter body; characterised 
by further comprising exterior contour providing 
means comprising at least one spiral groove (100) 
in the surface of the hemispheric end and side wall 
(96) of the electrode body, for providing a slip resist- 
ant, field focusing distal tip electrode exterior con- 
tour for maintaining a position of the distal tip elec- 
trode (20) bearing against the endocardium of the 
patient's heart, without penetrating the myocardium 
thereof, achieved through manipulation of the cath- 
eter distal tip section. 

2. The RF ablation catheter of Claim 1 wherein said 
electrode body is formed with an axially disposed 
depression in said hemispheric end. 

3. An RF ablation catheter comprising a flexible elon- 
gate catheter body (10) having at least one lumen 
(40) therethrough and having a proximal handle end 
(24) and a distal tip section (16) adapted to be in- 
troduced into a heart chamber, at least one electri- 
cal conductor extending from said handle (24) to 
said distal tip section (16) within said at least one 
lumen (40) for conduction of RF energy, and a distal 
tip electrode (20) coupled to the distal end section 
of the catheter body (10) and electrically coupled 
with said at least one electrical conductor, wherein 
said distal tip electrode (20) is formed of a generally 
cylindrical, electrically conductive, electrode body 
having a hemispheric end and a tubular side wall 
(96) at the distal end of said catheter body; and 
characterised by further comprising 

exterior contour providing means comprising 
a plurality of depressions (82,84,86,1 04) formed in 
the surface of the hemispheric end of the electrode 
body, for providing a slip resistant, field focusing dis- 
tal tip electrode exterior contour for maintaining a 
position of the distal tip electrode (20) bearing 
against the endocardium of the patient's heart, with- 
out penetrating the myocardium thereof, achieved 
through manipulation of the catheter distal tip sec- 
tion. 



4. The RF ablation catheter of Claim 3 wherein said 
plurality of depressions (82,84,86,104) comprise 
annular depressions (82,84). 



5 5. The RF ablation catheter of Claim 3 wherein: 

said plurality of depressions (82,84,86,104) 
comprises an axially disposed depression (86) 
in said hemispheric end; and 
w at least one annular groove (82,84) cut in said 

hemispheric end between said axially disposed 
depression (86) and said side wall (96) and en- 
circling said axially disposed depression (86). 

15 6. The RF ablation catheter of Claim 5 wherein: 

said exterior contour providing means further 
comprises: 

20 a plurality of said annular grooves (82,84) 

formed in said hemispheric end between 
said axially disposed depression (86) and 
said side wall and encircling said axially 
disposed depression (86) forming said 

25 hemispheric end into a plurality of annular 

ridges (92,94) surrounding said axially dis- 
posed depression (86). 

7. The RF ablation catheter of Claim 3: 

30 

said plurality of depressions exterior contour 
providing means further comprises a plurality 
of annular grooves (82,84) formed in said hem- 
ispheric end forming annular ridges (92,94). 

35 

8. An RF ablation catheter comprising a flexible elon- 
gate catheter body (10) having at least one lumen 
(40) therethrough and having a proximal handle end 
(24) and a distal tip section (16) adapted to be in- 

40 troduced into a heart chamber, at least one electri- 
cal conductor extending from said handle (24) to 
said distal tip section (16) within said at least one 
lumen (40) for conduction of RF energy, and a distal 
tip electrode (20) coupled to the distal end section 

45 of the catheter body (10) and electrically coupled 
with said at least one electrical conductor, wherein 
said distal tip electrode (20) is formed of a generally 
cylindrical, electrically conductive, electrode body 
having a hemispheric end and a tubular side wall at 

so the distal end of said catheter body; and character- 
ised by further comprising 

exterior contour providing means comprising 
a plurality of depressions (102) formed in the sur- 
face of the side wall of the electrode body, for pro- 

55 viding a slip resistant, field focusing distal tip elec- 
trode exterior contour for maintaining a position of 
the distal tip electrode (20) bearing against the en- 
docardium of the patient's heart, without penetrat- 
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ing the myocardium thereof, achieved through ma- 
nipulation of the catheter distal tip section. 

9. The RF ablation catheter of Claim 8 wherein said 
plurality of depressions (102) comprise a plurality 5 
of elongate grooves (102) formed extending along 
said tubular side wall. 

10. The RF ablation catheter of Claim 9 wherein said 
plurality of elongate grooves (102) formed extend to 
along said tubular side wall and into said hemi- 
spheric end. 



Patentanspruche 15 

1. HF-Ablationskatheter, der einen flexiblen, langge- 
streckten Katheterkorper (10) mit wenigstens ei- 
nem durch ihn verlaufenden Hohlraum bzw. Lumen 
(40) und einem proximalen Griffende (24) sowie ei- 20 
nem distalen Spitzenabschnitt (16), der in eine 
Herzkammer eingefiihrt werden kann, wenigstens 
einen elektrischen Leiter, der sich innerhalb des we- 
nigstens einen Hohlraums (40) von dem Griff (24) 

zu dem distalen Spitzenabschnitt (1 6) erstreckt, urn 25 
HF-Energiezu leiten, und eine distale Spitzenelek- 
trode (20), die mit dem distalen Endabschnitt des 
Katheterkorpers (10) gekoppelt ist und mit dem we- 
nigstens einen elektrischen Leiter elektrisch gekop- 
pelt ist, aufweist, wobei die distale Spitzenelektrode 30 
(20) aus einem im Allgemeinen zylindrischen, elek- 
trisch leitenden Elektrodenkorper gebildet ist, der 
ein halbkugelformiges Ende und eine rohrenformi- 
gen Seitenwand am distalen Ende des Katheterkor- 
pers besitzt; gekennzeichnet durch AuBenumriss- 35 
Bereitsstellungs- bzw. Bildungsmittel, die wenig- 
stens eine schraubenlinienfbrmige Nut (100) in der 
Oberflache des halbkugelformigen Endes und in 
der Seitenwand (96) des Elektrodenkorpers umfas- 
sen, die einen rutschfesten, feldfokussierenden au- 40 
Reren Umriss der distalen Spitzenelektrode bereit- 
stellt, der eine durch Manipulation des distalen 
Spitzenabschnitts des Katheters erreichte Position 
der distalen Spitzenelektrode (20), die sich an dem 
Endocardium des Patientenherzens abstutzt, ohne 
in das Myocardium des Patientenherzens einzu- 
dringen, aufrechterhalt. 

2. HF-Ablationskatheter nach Anspruch 1, bei dem 

der Elektrodenkorper mit einer axial angeordneten so 
Vertiefung in dem halbkugelformigen Ende ausge- 
bildet ist. 

3. HF-Ablationskatheter, der einen flexiblen, langge- 
streckten Katheterkorper (1 0) mit wenigstens ei- 55 
nem durch ihn verlaufenden Hohlraum bzw. Lumen 
(40) und einem proximalen Griffende (24) sowie ei- 
nem distalen Spitzenabschnitt (16), der in eine 



Herzkammer eingefiihrt werden kann, wenigstens 
einen elektrischen Leiter, der sich innerhalb des we- 
nigstens einen Hohlraums (40) von dem Griff (24) 
zu dem distalen Spitzenabschnitt (16) erstreckt, urn 
HF-Energie zu leiten, und eine distale Spitzenelek- 
trode (20), die mit dem distalen Endabschnitt des 
Katheterkorpers (1 0) gekoppelt ist und mit dem we- 
nigstens einen elektrischen Leiter elektrisch gekop- 
pelt ist, aufweist, wobei die distale Spitzenelektrode 
(20) aus einem im Allgemeinen zylindrischen, elek- 
trisch leitenden Elektrodenkorper mit einem halbku- 
gelformigen Ende und einer rohrenformigen Seiten- 
wand (96) am distalen Ende des Katheterkorpers 
gebildet ist; und gekennzeichnet durch 

AuBenumriss-Bereitstellungsmittel, die meh- 
rere Vertiefungen (82, 84, 86, 104) umfassen, die 
in der Oberflache des halbkugelformigen Endes 
des Elektrodenkorpers ausgebildet sind und einen 
rutschfesten, feldfokussierenden auGeren Umriss 
der distalen Spitzenelektrode bereitstellen, der eine 
durch Manipulation des distalen Spitzenabschnitts 
des Katheters erreichte Position der distalen Spit- 
zenelektrode (20), die sich an dem Endocardium 
des Patientenherzens abstutzt, ohne in das Myo- 
cardium des Patientenherzens einzudringen, auf- 
rechterhalt. 

4. HF-Ablationskatheter nach Anspruch 3, bei dem die 
mehreren Vertiefungen (82, 84, 86) ringformige 
Vertiefungen (82, 84) umfassen. 

5. HF-Ablationskatheter nach Anspruch 3, bei dem: 

die mehreren Vertiefungen (82, 84, 86, 104) ei- 
ne axial angeordnete Vertiefung (86) in dem 
halbkugelformigen Ende aufweisen; und 
wenigstens eine ringformige Nut (82, 84) auf- 
weisen, die in das halbkugelformige Ende zwi- 
schen der axial angeordneten Vertiefung (86) 
und der Seitenwand (96) geschnitten ist und die 
axial angeordnete Vertiefung (86) umgibt. 

6. HF-Ablationskatheter nach Anspruch 5, bei dem: 

die AuBenumriss-Bereitsteilungsmittel ferner 
umfassen: 

mehrere der ringformigen Nuten (82, 84), 
die in dem halbkugelformigen Ende zwi- 
schen der axial angeordneten Vertiefung 
(86) und der Seitenwand angeordnet sind 
und die axial angeordnete Vertiefung (86) 
umgeben, wodurch das halbkugelformige 
Ende zu einer Anzahl von ringformigen 
Stegen (92, 94, die die axial angeordnete 
Vertiefung (86) umgeben, geformt wird. 

7. HF-Ablationskatheter nach Anspruch 3, bei dem: 
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die mehreren Vertiefungen der AuBenumriss- 
Bereitstellungsmittel ferner mehrere ringformi- 
ge Nuten (82, 84) aufweisen, die in dem halb- 
kugelformigen Endeausgebildetsind, das ring- 
formige Stege (92, 94) bildet. 

8. HF-Ablationskatheter, der einen flexiblen langge- 
streckten Korper (10) mit wenigstens einem durch 
ihn verlaufenden Lumen bzw. Hohlraum (40) und 
einem proximalen Griffende (24) sowie einem dista- 
len Spitzenabschnitt (16), der in eine Herzkammer 
eingefuhrt werden kann, wenigstens einen elektri- 
schen Leiter, der sich innerhalb des wenigstens ei- 
nen Hohlraums (40) von dem Griff (24) zu dem di- 
stalen Spitzenabschnitt (16) erstreckt, urn HF-Ener- 
gie zu leiten, und eine distale Spitzeneiektrode (20), 
die mit dem distalen Endabschnitt des Katheterkor- 
pers (10) gekoppelt ist und mit dem wenigstens ei- 
nen elektrischen Leiter elektrisch gekoppelt ist, auf- 
weist, wobei die distale Spitzeneiektrode (20) aus 
einem im Allgemeinen zylindrischen, elektrisch lei- 
tenden Elektrodenkorper gebildet ist, der ein halb- 
kugelformiges Ende und eine rohrenformige Sei- 
tenwand am distalen Ende des Katheterkorpers be- 
sitzt; ferner gekennzeichnet durch 

AuBenumriss-Bereitstellungsmittei, die meh- 
rere Vertiefungen (1 02) aufweisen, die in der Ober- 
f lache der Seitenwand des Elektrodenkorpers aus- 
gebildet sind, urn einen rutschfesten, feldfokussie- 
renden auBeren Umriss der distalen Spitzeneiek- 
trode zu bilden, der eine durch Manipulation des 
distalen Spitzenabschnitts des Katheters erreichte 
Position der distalen Spitzeneiektrode (20), die sich 
an dem Endocardium des Patientenherzens ab- 
stutzt, ohne in das Myocardium des Patientenher- 
zens einzudringen, aufrechterhalt. 

9. HF-Ablationskatheter nach Anspruch 8, bei dem die 
mehreren Vertiefungen (102) mehrere langge- 
streckte Nuten (102)umfassen, die so geformtsind, 
dass siesich langs der rohrenformigen Seitenwand 
erstrecken. 

10. HF-Ablationskatheter nach Anspruch 9, bei dem 
sich die mehreren geformten langgestreckten Nu- 
ten (102) langs der rohrenformigen Seitenwand und 
in das halbkugelformige Ende erstrecken. 



Revendications 

1 . Catheter d'ablation par radiofrequence comportant 
un corps de catheter allonge souple (10) ayant au 
moins un premier lumen (40) a travers celui-ci, et 
ayant une extremite proximale formant poignee 
(24) et un troncon d'embout distal (1 6) adapte pour 
etre introduit dans un ventricule, au moins un con- 
ducteur electrique s'etendant a partir de ladite poi- 



gnee (24) vers ledit troncon d'embout distal (16) 
dans ledit au moins un lumen (40) pour conduire 
une energie de radiofrequence, et une electrode 
d'embout distal (20) reliee au troncon d'embout dis- 

5 tal du corps de catheter (10), et reliee electrique- 
ment audit au moins un conducteur electrique, la- 
dite electrode d'embout distal (20) etant constitute 
d'un corps d'electrode electriquement conducteur 
generalement cylindrique ayant une extremite he- 

10 mispherique et une paroi laterale tubulaire au ni- 
veau de I'extremite distale dudit corps de catheter, 
caracterise en ce qu'il comporte en outre des 
moyens de fourniture de contour exterieur compor- 
tant au moins une gorge en spirale (100) situee 

15 dans la surface de I'extremite hemispherique et la 
paroi laterale (96) du corps d'electrode, pourfournir 
un contour exterieur d'electrode d'embout distal de 
focalisation de champ, resistant au gfissement, afin 
de maintenir une position de I'electrode d'embout 

20 distal (20) en appui contre I'endocarde du coeur du 
patient, sans penetrer dans le myocarde de celui- 
ci, obtenue par une manipulation du troncon d'em- 
bout distal de catheter. 

25 2. Catheter d'ablation par radiofrequence selon la re- 
vendication 1 , dans lequel ledit corps d'electrode 
est muni d'un enfoncement dispose axialement 
dans ladite extremite hemispherique. 

30 3. Catheter d'ablation par radiofrequence comportant 
un corps de catheter allonge souple (10) ayant au 
moins un premier lumen (40) a travers celui-ci et 
ayant une extremite proximale formant poignee 
(24) et un troncon d'embout distal (1 6) adapte pour 
35 etre introduit dans un ventricule, au moins un con- 
ducteur electrique s'etendant a partir de ladite poi- 
gnee (24) vers ledit trongon d'embout distal (16) 
dans ledit au moins un lumen (40) pour conduire 
une energie de radiofrequence, et une electrode 
40 d'embout distal (20) reliee au troncon d'extremite 
distale du corps de catheter (10) et reliee electri- 
quement audit au moins un conducteur electrique, 
ladite electrode d'embout distal (20) etant consti- 
tute d'un corps d'electrode electriquement conduc- 
es teur generalement cylindrique ayant une extremite 
hemispherique et une paroi laterale tubulaire (96) 
au niveau de I'extremite distale dudit corps de ca- 
theter, et caracterise en ce qu'il comporte en outre 
des moyens fournissant un contour exterieur 
so comportant une pluralite d'enfoncements (82, 84, 
86, 104) formes dans la surface de I'exterieur he- 
mispherique du corps d'electrode, pour fournir un 
contour exterieur d'electrode d'embout distal de fo- 
calisation de champ, resistant au glissement, afin 
55 de maintenir une position de I'electrode d'embout 
distal (20) en appui contre I'endocarde du coeur du 
patient, sans penetrer le myocarde de celui-ci, ob- 
tenue par une manipulation du trongon d'embout 
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distal de catheter. 

Catheter d'ablation par radiofrequence selon la re- 
vendication 3, dans lequel ladite plurality d'enfon- 
cements (82, 84, 86, 104) comporte des enfonce- 5 
ments annulaires (82, 84). 

Catheter d'ablation par radiofrequence selon la re- 
vendication 3, dans lequel : 

ladite pluralite d'enfoncements (82, 84, 86, 
104) comporte un enfoncement dispose axia- 
lement (86) dans ladite extremity hemispheri- 
que, et 

au moins une gorge annulaire (82, 84) est de- is 
coupee dans ladite extremite hemispherique 
entre ledit enfoncement dispose axialement 
(86) et ladite paroi laterale (96), et encerclant 
ledit enfoncement dispose axialement (86). 

20 

Catheter d'ablation par radiofrequence selon la re- 
vendication 5, dans lequel : 

lesdits moyensfournissantun contour exterieur 
comportent de plus : 25 

une pluralite desdites gorges annulaires 
(82, 84) formees dans ladite extremite he- 
mispherique entre ledit enfoncement dis- 
pose axialement (86) et ladite paroi latera- 30 
le, et encerclant ledit enfoncement dispose 
axialement (86) formant ladite extremite 
hemispherique dans une pluralite de ner- 
vures annulaires (92, 94) entourant ledit 
enfoncement dispose axialement (86). 35 

Catheter d'ablation par radiofrequence selon la re- 
vendication 3 : 



eiectrique, ladite electrode d'embout distal (20) 
etant constituee d'un corps d'electrode eiectrique- 
ment conducteur g6neralement cylindrique ayant 
une extremite hemispherique et une paroi laterale 
tubulaireau niveau del'extremitedistaledudit corps 
de catheter, et caracterise en ce qu'il comporte en 
outre 

des moyens pourfournir un contour exterieur 
comportant une pluralite d'enfoncements form6s 
dans la surface de la paroi laterale (96) du corps 
d'6lectrode, pourfournir un contour exterieur d'elec- 
trode d'embout distal de focalisation de champ, re- 
sistant au glissement, afin de maintenir une position 
de I'eiectrode d'embout distal (20) en appui contre 
Pendocarde du coeur du patient, sans penetrer le 
myocarde de celui-ci, obtenue par une manipula- 
tion du troncon d'embout distal de catheter. 

9. Catheter d'ablation par radiofrequence selon la re- 
vendication 8, dans lequel ladite pluralite d'enfon- 
cements (102) comporte une pluralite de gorges al- 
longees (102) formees s'etendant le long de ladite 
paroi laterale tubulaire. 

10. Catheter d'ablation par radiofrequence selon la re- 
vendication 9, dans lequel ladite pluralite de gorges 
allong6es (1 02) formees s'etendant le long de ladite 
paroi laterale tubulaire et dans ladite extremite he- 
mispherique. 



ladite pluralite d'enfoncements des moyens 40 
fournissant un contour exterieur comportant de 
plus une pluralite de gorges annulaires (82, 84) 
formees dans ladite extremite hemispherique 
formant des nervures annulaires (92, 94). 

45 

Catheter d'ablation par radiofrequence comportant 
un corps de catheter allonge souple (10) ayant au 
moins un premier lumen (40) a travers celui-ci, et 
ayant une extremite proximale formant poignee 
(24) et un troncon d'embout distal (1 6) adapte pour so 
etre introduit dans un ventricule, au moins un pre- 
mier conducteur eiectrique s'etendant depuis ladite 
poignee (24) vers ledit troncon d'embout distal (1 6) 
dans ledit au moins un premier lumen (40) pourcon- 
duire une energie de radiofrequence, et une eiec- 55 
trade d'embout distal (20) reli6e au troncon d'em- 
bout d'extremite distale du corps de catheter (1 0) et 
reli6e eiectriquement audit au moins un conducteur 
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